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Abstract: Both experimental and numerical method were applied to investigate the erosion wear behaviour of 
liquid-solid two-phase jet on stainless steel, the average wear rates of samples under conditions of different mass fractions 
and particle sizes were analyzed, and the wear rates at different jet velocities were predicted based on the numerical 
simulation, and finally the relationship model of erosion wear rate with jet velocity was established. The results show that 
the numerical simulations of single-phase flow field agree well with those of the experiments. The mean velocities of 
impinging jet have similar trends at various radial distances from the core region. The axial velocity near the wall 
decreases sharply, which causes the increase of Reynolds shear stress. However, apart from the wall, the normal velocity 
increases gradually as well as the fluctuation velocity, which causes the increase of Reynolds stress. Apart from the wall  
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sequentially, Reynolds stress decreases gradually to zero. A stagnation region is found right below the impinging jet, 
where pressure is higher than that in other areas. The downstream scour wear rate first increases and then decreases 
slightly, while the erosion rate for upstream decreases significantly. The microcosmic test on the surface of the 
experimental sample verifies the correctness of the erosion rate distribution in different regions. 
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Fig. 1  Schematic diagram of experimental installation 
 
?????????????????????
???????????????????????
????????????????????????
????????????????????????
????????????????????????
???????????????? 10 ?????
???????????????????????
????????????????????????
???????????????????????
???????????????????????
???????????????????????
? 5?                                   ?????????????????????????? 
 
1291
???????????????????????
????????????? 48 h????????
????????????????????????
??????????????????? 
 
2  ???? 
 
2.1  ???? 
?????????????????????
???????????????????????
???????????????????????
???? 
0

j
j
x
u                   (1) 
 
j
ij
i
i
j
i
j
j
xx
pf
x
uu
t
u




 

11         (2) 
 
???????????????  



k
ji
k
ji
x
uu
u
t
uu  
 
  








 

k
ji
k
kjiikjjki
k x
uu
x
uuuuu
x

  
 
 





 ujji
k
j
kj
k
j
ki ufufx
u
uu
x
u
uu  
 
 2 2j i ji k j m ikm i m ikm
j i k k
u u uu Ω u u u u
x x x x
   
                 
 
(3) 
???u??????x??????i, j? k???
????t???? ??????????ρ???
???f ?????p ????τ ??????δ ?
Kronecker??????′????????????—?
?????????? 
2.2  ??????? 
?????????????????????
?????? 0.5%???????????????
???????????????????????
???????????????????????
???????????????????????
??????[3, 8]?  
iiii
i uuuuF
t
u
pfpf
p )(d
d            (4) 
i
i u
t
x
p
p
d
d                    (5) 
 
pp
fd
4
3
d
CF 
                   (6) 
????? f???????? p?????? ixp ?
??????? iup ? iuf ????????????
????F ????????????dp?????
????Cd?????????? Rep??????
?? p ? f ??????????????  


 
000 1? ,4.0
000 1? ),15.01(24
p
p
6.0
p
pd
Re
ReRe
ReC         (7) 
 

 ii uudRe pfpp
               (8) 
 
???θ?????? 
2.3  ???? 
?? ZHANG ?[9]?????????????
???????????????????????
???????????????????????
???????????????????  
)()( pS59.0HR FvFBCE n            (9) 
 



5
1
)(

 AF                (10) 
 
???ER??????????BH????????
(HB)?FS????????(????? 1.00, ???
??? 0.53, ????? 0.20)?vp????????? 
 ??????? 1~5?C?n ? A ???????
?????? 304?????? 187 HB??????
?????FS? 0.20? 
2.4  ?????? 
?????????????????????
???????????????????????
??????????  
5432 022.0028.0021.084.078.00.1  ne  
 (11)  
432 027.0024.019.078.0988.0  te   (12)  
???en? et????????????? 
                                                 ??????(?????)                                                ? 49? 
 
1292
 
3  ????? 
 
3.1  ???????? 
3.1.1  ???? 
?????????????????????
???????????????[10−14]??????
????????[15−18]???????????? 
LES(????)????????????????
????????? DNS(??????)?????
????????[5]??????????????
???????????????????????
??? −? ??????? (Kelvin−Helmholtz 
instability)???????????????????
???????????????????????
???(H/D=2?H????????????D??
???)??????????????? COOPER
?[10]?????????? 
??????????????? 2?????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???? 4??????????????????
?????(reflect)??????????????
????????????????????? 185
???????????????????????
???????????? RNG−k ???????
???????????????????????
SIMPLE ???????????????????
??????????? 10−3? 
 
 
? 2  ????????? 
Fig. 2  Computational domain and boundary conditions 
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Fig. 5  Contours for velocity and pressure of flowfield 
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Fig. 6  Variation of sample wear rate 
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Fig. 7  Comparison of erosion rate distribution in sample central line scour 
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Fig. 8   Relationship between average wear rate and jet 
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